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1.0 SUMMARY 

1.1 SCOPE 

This report contains results from a study of training require- 
ments for Spacelab mission dependent training. A basic training element 
flow is defined for studying various training scheduling concepts. Train- 
ing resources and their interrelationships are identified. Training event 
scheduling options and constraints are assessed to define scheduling al- 
gorithms for maximizing training thru-put with fixed resources. A 
schedule and resource analysis computer program was used to simulate 
various scheduling option^ and conduct parametric studies. From these 
parametric studies preliminary training resource requirements were 
identified and critical parameters defined. 

This study is a continuation of the effort documented in Refer- 
ences I and 2 and is exclusively associated with mission specific train- 
ing. Although this study addresses only Payload Specialist training spe- 
cifically, the techniques apply equally well to Mission Specialist training. 
Training scheduling concepts, analysis techniques and data which will be 
useful in the further deveh pment of an optimum Spacelab training pro- 
gram are presented, 

1 . 2 SIGNIFICANT RESULTS 

Noteworthy results of this study include training concept as- 
sessment, resource level simulation and recommendation of minimum 
resources for Payload Specialist training to support the Yardley 572" 
Mission Model. Blocks flows of training activity are defined based upon 
orojected Payload Specialists’ skill, knowledge and training require- 
ments. Training resources such as classroom, part task area (labora- 
tory), control room and maintenance and storage area are analyzed to 
determine the training requirements. Spacelab ret ources [such as racks, 
panels, command data management (CDMS) consoles and simulation com- 
puter access] required for training are assessed, A baseline resource 
requirement is established for the Yardley "572" Mission Model covering 
the years 1980 through 1991- 



Sequence optimization of activities within individual missions 
and among missions is investigated and implemented. In addition, para- 
metric studies of the effect of mission model complexity, efficiency im- 
provement, and training cycle length on resource reqi'irements was 
conducted. 

1.3 CONCLUSIONS 

Study conclusions are documented in detail in Section 4 of this 
report. Key points are summarized in the following paragraphs. 

Parameters that can have <x significant influence upon the 
training thru-put and effectiveness include the part task area prepara- 
tion, access to simulation host computer and CDMS computers and the 
availability of high cost training items such as Payload Specialist Sta- 
tion, CDMS consoles and airlock. 

Training activities should be sequenced so tha*- the required 
time that a part task is set up for a give \ mission is minimized. Train- 
ing cycle start date for the individual missions should be sequenced to 
minimize the number of training cycles overlapped and the quantity of 
critical resources required. 

Analysis of results indicated that resource utilization peaks 
and spikes adding up to 5% of the total training time are insignificant. 

That is, plots of resource quantity required 95% of the time are rela- 
tively smooth. Training start optimization can be used to significantly 
reduce these peaks in resource requirements. 

Using the Yardley "572" Mission Model, resource require- 
ments are higher in early years (1983 and 1984) that: the average launches 
per year would indicate. These higher requirements result from an above 
average number of complex missions being flown. 

Quantity of res'^urces required to support mission dependent 
training are highly sensitive to variations in mission frequency and mis- 
sion complexity. me, however, relatively insensitive to modest 

variations In the previous experience of personnel to be trained and, for 
most resources, to minor mis-estimates in training cycle time. 
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INTRODUCTION 


2 . 0 

The mission dependent training of Payload Specialists presents 
a training problem new to the space program. Concepts appropriate to 
this task have been developed and are documented in References 1 and 2. 

This report presents a study of the resource requirements for potential 
implementation of the modular or part task training approach, investi- 
gated in Reference 1, to Spacelab Payload Specialist training. Schedule 
optimization techniques were developed both for application to individual 
mission and for multi-mission training requirements. Operations anal- 
ysis techniques for data definition were developed to allow parametric | 

analysis of the effect of potential changes in mission model, mission | 

complexity, and training time estimates. j 

I 

This report documents the key engineering analyses per- 5 

form-- I in defining the training activity flows, the resource interrelation- j 

ships, and the optimization techniques. In addition all case studies per- j 

formed including reference cases using the Yardley "572" Mission Model j 

and parametric studies are discussed and key results documented. | 


ANAT^YSis description 


3. 0 

3.1 OBJECTIVE 

The objective of this study wa^' to develop a Payload Specialist 
training model for mission dependent training and to apply the model to: 

o Optimize training schedules for the mission dependent 
training of Payload Specialists. 

o Determine minimum resource quantities required for 
the mission dependent training facility^ assuming the 
Yardle^ "572" Mission Model. 

o Perform impact analysis of changes in key parameters 

-uch as the mission model, training schedule, or activity 

time requirements. 

o Assess compatibility of training requirements with inter- 
faces to other areas. 


3.2 


approach 


The analysis approach used in accomplishing the study objec- 
tives is illustrated in Figure 1. Background documentation was re- 
viewed, crew requiremen*-s were assessed and the training functional 
flow was defined. From this base, traimng resources were defined and 
scheduling options identified and analyzed. A schedule and resource 
analysis computer program was applied to the simulation of baseline 
data and for the couducfi..g of parametric studies. The results were 
analyzed and new concepts investigated where applicable. 

The analysis conducted and the results achieved at each of the 
steps in the sequence of activities given in Figure 1 is discussed in de- 
tail in the fallowing subsections. 
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FIGURE 1. SEQUENCE OF STUDY ACTIVITIES 










3. 3 TRAINING FUNCTIONAL FLOW DEVELOPMENT 

To support definition of a set of traceable training require- 
ments for a mission and provide a basis for requirements analysis, a 
generic functional flow of training activities was needed. Such a base- 
line flow forms a point of reference against which changes or "deltas" 
are formulated and assessed. 

The basic training flow elements were defined as shown in 
Figure 2 for Payload Specialist mission dependent training. The pre- 
training activity is assumed to include mission independent training at 
JSC, consultant work and b'*iefings at user facility, and participation in 
mission planning. The pretraining activity represents external sched- 
uling constraints which must continuously be assessed as the program 
evolves . 

Training facility preparation is accomplished to set up the 
part task area. The first training activity, orientation, includes facility 
orientation presentation, soft mockup review, and hardware experiment 
familiarization. Experiment-specific training, consisting of classroom 
and part task training, is followed by training verification, retraining 
(as required) and integrated mission simulation. Premission/post train- 
ing tasks, including participation in Levels ill, II and I integration, rep- 
resent external scheduling constraints. 

From these basic building blocks, a general flow chart of the 
Spacelab Payload Specialist movement through the training network was 
developed as shown in Figure 3. The nominal location of training is 
illustrated by the left hand index and vertical pls*cement of blocks. This 
functional flow diagram structures the training for systematic analysis 
yet is flexible to allow efficient training of unique missions. Each of the 
four missions to be simulated was modeled in this form as shown in 
Appendix A, Figures A-1 through A -4. 
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3.4 RELATED ACTIVITY DEFINITION 

For each activity defined in the training functional flow of 
Figure 3, sufficient understanding and information is needed so as to 
define the time, scheduling constraints, resource requirements and 
available options for that activity. Previous analysis work. References 
1 and 2, had generat-id data such as time and resources for a number of 
the training activities. However, those activities related to the actual 
training had not been previously considered. These activities, facility 
preparation and prelaunch activity, were analyzed in depth for this study, 

3.4.1 Facility Preparation 

3.4. 1 , 1 Definition 

Facility preparation or part task preparation is the process 
of obtaining, configuring, installing, checking out and verifying Space- 
lab trainers and other part task area equipment for Payload Specialist 
training. 

The objective of part task preparation is to have the necessary 
part task trainers and instructional equipment ready for operation at the 
proper time. The preparation process must be accomplished with mini- 
mum interference with training operations in progress. The setting up 
of training hardware and software should be designed and accomplished 
such that critical training resources "tie-up" is minimized. 

Facility preparation activity is scheduled so that completion 
is just prior to the start of the first part task training within a given 
mission training cycle. 

3.4. 1,2 Requirements 

The operational and resource requirements of facility prepa- 
ration were analyzed to support acti,^ities 3,1, 3.2, and 4, x. 3 in the 
training flow of Figure 3, 


I-t! was assumed that facility preparation is accomplished by 
dedicated training facility personnel. It was also assumed that two 
shilts a day were used for this activity. Facility disassembly after a 
training cycle was assumed to take place during one third shift period. 
Hardware for moving training equipment from storage to the adjacent 
part task area includes moving equipment and fixtures similar to that 
used in Spacelab ground p^oeessmg. Special handling fixtures specifi- 
cally tailored to the part task preparation proc-esfles might be used to 
make the operation more efficient. 

Figures 4 through 6 are block diagrams o.f training facility 
preparation work flow for the three types of Spacelab configurations as 
represented by Mission 10 • pallet only flight: Mission 14 - lab only 
flighty and Missions 11 and 19 •* lab and pallet flights. Assembly and 
checkout of eaq^eriments, simulators with racks and other support equip- 
ment will involve processing similar in many respects to flight hardware 
ground operations processing. The analysis of the part task prepara- 
tion requirements, as shown in the figures, used the detailed definition 
sheets for Level HI integration, Reference 12, as a starting point. 

Analysis results indicate that part task preparation procedure 
and task sequence have a significant effect upon training cycle thru-put. 
Special attention should be given to designing the training facility to allow 
flexibility and efficiency in preparation of the part task area. 

3.4.2 Pre launch Activity 

The prelaunch activity period, for this study, is defined as 
that period from comp'letlon of integrated mission simulation to orbiter 
launch. During this prelaunch activi'ty period the crew participation in 
Spacelab integration. Levels 111, XI and I will be relatively fixed with re- 
spect to the launch. Also, this period provides time for any additional 
retraining of Payload Specialists required in the event of a last minute 
change in the mission plan. The period must be long enough to provide 
for sch'^duled crew activities and contingencies yet must not be long 
enough to reduce training effectlvenesis. 
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In establishing the "best" duration for the prelaunch activity 
period, probable interface of Payload Specialists with ground operations 
must be assessed. Figure 7 is a tabulation of prelaunch activities in 
which Payload Specialists might be called upon to participate. The par- 
ticip -.tion in Level II integration at KSC is believed to be a firm require- 
ment. Participation by Payload Specialists in Level III integration as 
active consultants or to resolve problems is considered a contingency 

requireme nt. 

The earliest Level III integration activity in which the Payload 
Specialists would be called upon to assist is the Subsystem Verification 
Test starting i50 hours before launch. Although the requirement for the 
Payload Specialist to participate in the Level III integration is not a firm 
requirement at this time, a duration of 150 hours (3.75 weeks) was se- 
lected for the nominal preflight activity duration. This period should 
allow adequate time for any additional retraining to be intersequenced 
with participation in payload integration activities. 

This activity as used in the following analysis is represented 

by activity 7 2 of the functional flow diagram in Figure 3. 


3. 5 


TRAINING RESOURCE INTERRELATIONSHIP 


3.5.1 Major Facility/Resoorce Areas_ 

Training requirements were analyzed to group training re- 
sources into logical categories associated with the different facility 
areas referenced in the functional flow of Figure 3. These areas are 
classroom, part task training, control room, soft mock-up area and 
maintenance and storage area. These areas, with their designated re- 
source identification number, are described in the following paragraphs. 

01 Classroom 

Classrooms are required for facility orientation briefings 
and lecture type instruction identified by the user or training supervisor. 
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Associated resources include lesson plans, training manuals, scale 
models, visual aids, and instructor personnel. 

04 Part Task Area 

The part task areas will provide sufficient facilities to 
simulate Spacelab work stations. The part task trainer concept, as de- 
fined i 1 Reference 1, requires the use of separate Spacelab support 
trainers which isolate experiments into separate compartments where 
Payload Specialists can be trained simultaneously and independently for 
the particular tasks they are to perform. Spacelab similar racks and 
panels will be utilized with the capability to interface rack-mounted 
equipment to the CDMS through remote access units (RAU's). These 
areas will be linked to a simulation computer. Video cameras will be 
mounted to allow observation of the area. Audio communication and data 
links will be provided from the part task area to the control room. At the 
completion of part task training the partitions can be removed and the 
compartments joined for an integrated payload simulation. 

1 6 Soft Mockup 

A segment of the training area will be used for full scale 
mockups of the Spacelab interior layout. These mockups will be con- 
structed of wood and inexpensive material to provide the Payload Special- 
ist an orientation of experiment layout in relation to other experiments. 

35 Control Room 

The control room will contain training supervisor consoles 
with CCTV viewing nf the part task areas. The consoles will contain a 
command keyboard which will permit experiment control and faulting. 
Data displays, audio/video communication loops with the part task area 
will be provided. Facilities will be provided wiinin the ccntrol room for 
principal investigators or their representatives to view and monitor the 
training process. 
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36 Maintenance and Storage 



t 


This area will be used for packing, unpacking and inspec- 
tion of experiment and simulation hardware. Minor mechanical and 
electrical repair and refurbishment will be conducted in this area. A 
security storage room will be required for special experiment hardware 
within this rrea. 

3.5.2 End Item Resources 

Resources required within the major training areas, desig- 
nated end item resources, were assessed and their interdependency was 
analyzed to help establish the supportive resources relationship. For 
example, control and display (CfeD) panel type and quantity are functions 
of the training experiment and mission type. C&iD panels require sup- 
port racks and in most cases some type of simulation/input-output de- 
vice, i.e., simulation computer access, peripheral simulation equip- 
ment and appropriate software. 

End item training resources appeared to fall into three gen- 
eral categories, i.e., constraining resource, auxiliary resourc*' , and 
supportive resource. 

The constraining resources are defined as those which im- 
pose major requirements upon other resources. This type of resourrp 
acts as a "major driver" on the auxiliary and supportive types of re- 
sources. Examples of constraining resources are: Crewmen; Payload 

Specialist Station (PSS); Command Data Management System (CDMS) 
Console; and C&D Panels Types A, B, C, D and E, 

Auxiliary resources are those which may be required only 
rarely, depending on the nature of the payload or experiment. These 
items include common payload support items for the Spacelab such as 
Scientific Airlock; Workbench: Viewport: Film Vault and Storage Con- 
tainer. 


17 


The third category, supportive resources, as the name im- 
plies, are used to supply support functions for the constraining re- 
sources and/or auxiliary resources. Supportive resources tracked 
within this study are: Simulation Computer (Sim Com) Access; Sim Com 
Software; CDMS Com Access; Peripheral Sim Equipment; Racks; and 
Closed Circuit Television (CCTV). 

A description of these end item type resources is presented 
in Reference 1 and in Appendix A of this report. 

3.6 SCHEDULE OPTIMIZATION 

3.6.1 Objective and Approach 

One of the objectives of this study was to identify and apply 
techniques for minimizing training resource requirements for a baseline 
mission model. 

The approach taken was to identify a critical resource parame- 
ter and attempt to minimize this parameter with given constraints. The 
critical resource parameter selected was the quantity of part task areas 
required. Part task area was selected since this area involves signifi- 
cant cost items of facility space and training equipment. Part task utili- 
zation is an indicator of the utilization of major training equipment such 
as CDMS, consoles, PSS consoles and simulation computers. Part task 
utilization also acts as a "driver" on the control room requirement since 
training monitoring and supervisory personnel as well as control room 
equipment are involved with any part task training activity. 

A single part task preparation is assumed to be all that is re- 
quired for each flight. (Reconfiguration by experiment is assumed not 
required. ) Once a training setup is completed the setup will not be taken 
down until completion of the total training cycle for that flight. 

The oroblem of optimizing a training sequence was twofold: 
scheduling training activities within individual missions and scheduling 
training activities among missions. The technique for optimization within 
individual missions was developed and applied to the basic data set utilized 
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in all cases simulated. The technique for optimization among missions 
being dependent on additional factors, was verified by application to a 
single case as discussed in Section 3. 7. 3. 

^.6.2 Scheduling Within Missions 

Within the individual missions the time in which a part task 
area is dedicated to that mission should be as short as possible, con- 
sistent with maximum learning efficiency. By compressing the time of 
part task area dedication for individual missions the overlap of part task 
area requirement among missions can be reduced. 

Several options exist for sequencing classroom and part task 
training among the numerous experiments of an individual mission. 

The option selected can affect the total time for which a part task area 
is dedicated to a given mission. The following subsections discuss the 
options for handling the various part task and classroom requirements, 
the reasons for accepting or rejecting the scheduling option, and the as- 
sumptions used in performing the scheduling optimization. 

3, 6, 2. 1 All Classroom First 

The concept of scheduling all classroom training first, as a 
block, for all Payload Specialists on a mission, was investigated. This 
concept has the advantage that the training sequence is simple and the 
time that the par*- task is occupied is minimum for a given flight. Train- 
ing thru-put capability is increased. The concept has the disadvantage 
of imposing a lengthy time lapse between classroom and part task train- 
ing and car. be expected to significantly decrease learning efficiency in 
the part task area. The all classroom first concept may be applicable 
to some special mission training; however, this concept is no: recom- 
mended for use in a baseline training program. 

3. 6, 2. 2 Early Grouping of Classroom 

In some cases critical training resources remain idle while 
classroom training is in progress. One method of eliminating this idle 
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time is to group and schedule these blocks of classroom training early 
in the training cycle. This early grouping of classroom concept assists 
in reducing the amount of time in which the part task area is occupied 
for a given flight and thereby increases training thru-put. This concept 
also has the disadvantage of time lapse betv/een classroom and associ- 
ated part task training. This training option is recommended for special 
cases to prevent overlapping training cycles requirements from exceed- 
ing maximum resource capabilities. 

3. 6. 2. 3 Intermixed Classroom and Part Task 

This training concept is characterized by intermixing class- 
room and part task training for a give i expevvment. Minimum incre- 
ments of one-half day in classroom or part task area is assumed. This 
training concept has the advantage of developing skills in the part task 
area incrementally with knowledge gained in the classroom. The close 
time relationship between classroom and part task training results in 
minimum loss of proficiency by the Payload Specialists. This concept 
has the major disadvantage of tying up part task areas for a longer pe- 
riod, i.e„, the combined classroom and part task activity time. Wide 
variation in the required part task and classroom training on individual 
experiments make inter sequencing training for different experiments 
complex and difficult. Because of these disadvantages this training con- 
cept was excluded from use in this study. 

3. 6. 2. 4 Experiment Classroom Followed By Part Task 

This concept requires completion of the entire classroom 
training on an individual experiment to be immediately followed by the 
entire part task training for that experiment. This concept allows de- 
veloping operational skills on the entire experiment during the part task 
period. This concept offers a good compromise between the all class- 
room first concept and the intermixed classroom-part task training con- 
cept. Therefore, it was selected for use in this study. 
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3. 6. 2. 5 Scheduling Assumptions 

Scheduling-related assumptions used in establishing a base- 
line training cycle. Figure 3, were as follows: 

1) Activities 1.1, 1.2 - Assume crews are available when 
needed for mission dependent training. Activities 2. 1 
through 2.4 - Assume all crew members training simul- 
taneously, whenever practical. Activity 3. I - Assume 
materials required for setup are available. 

2 ) Activity 3.2 and 4.1.3 through 4. N. 3 - A ssume one p.^'.rt 
task preparation is all that is required for each flight. 
(Reconfiguration by experiment is not required. ) Once a 
training setup is completed it will not be taken down until 
completion of the total training for the prime and backup 
crew. 

3) Activities 4. 1. I to 4.x. 2 are scheduled according to a 
scheduling algorithm, the prime criterion being to mini- 
mize the total time required of the constraining resource(s), 
within the known limitations, constraining resource capac- 
ity not to be exceeded. 

4) Activity 4.0 scheduling limitations will be that: (a) each 

crew member is available for formal training eight hours 
per day, (b) classroom training must precede the corres- 
ponding part task training, and (c) prime crew trains on 
first shift; backup crew trains on second shift, and uses 
the same procedures as the prime crew. 

5) Activities 5. 1 and 5.2 - Assume that one day is required 
for PI debriefing and verification of all crew members. 

For retraining. Activities 6. I and 6.2, it is assumed 
that 10% of total training time is required, with a mini- 
mum of eight hours, where all part task resources con- 
figured for this flight are required. 
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6) Activity 7. 1 ■»*equires a total crew arid uses all resources 
configured for the r^iven flight. Activity 7. 2 will be in- 
cluded in a post-training time block before launch that 
will have a duration of approximately 150 hours (3. 75 
weeks). 

7) Launch and mission duration will be defined by the mis- 
sion mix, and launch dates assumed (the mission model 
used). Post mission activities will not be scheduled 
initially as each crewman required on a flight is assumed 
available when required (see Item 1). 

8) An eight-hour day, five-day week, 2080 hours per year 
is selected as a baseline for each crew member trained, 

3. 6. 2. 6 Algorithm for Scheduling Activity Within a Mis!*ion 

A systematic procedure for sequencing training activity to 
assist in minimizing part task area dedication time within a given train- 
ing cycle was developed. This procedure or algorithm was used for 
sequencing training activities for the four representative missions, as 
shown in Appendix A, and is applicable to similarly defined training 
missions. Table L summarizes the scheduling procedure for series 
and parallel type training activities. 

3.6.3 Scheduling Among Missions 

As th frequency of missions increases, training cycle over- 
lap increases, thus increasing training resfiurce requirements. For a 
given launch schedule, the requirement for training part task areas is 
not likely to be constant, as training will not be driving the launch sched- 
ule. Rather, at times spike requirement values exist while at other 
times the number of part task areas utilized is very low as illustrated 
in Figure 8. Since the quantity, and therefore the cost, of resources 
obtained can be driven by the maximum requirement values, it is neces- 
sary to minimize the peak number of resources utilized. Several options 
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EXAMPLE OF OPTIMIZING TRAINING START TIME 
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FIGURE 8. EXAMPLE OF OPTIMIZING TRAINING START TIME 




TABLE 1. SCHEDULING ALGORITHM FOR ACTIVITIES 
WITHIN A GIVEN MISSION 


FLIGHT SCHEDULE ALGORITHM 

Prime criteria Is to minimize the total time required for the 
constraining resource(a), within the known limitations, constraining 
resource capacity not to be exceeded. 

For Single Series Training 

i. Schedule orientation activities 

2* Schedule experiment(s) that require ciassroori training 


• ( >‘>K QU 


3. Schedule classroom and associated part task experiment 
training which do not use a critical resource. 

4. Schedule experiment training which use critical resource. 
Longest duration classroom first. 

5, Schedule debriefing, retraining, integration mission simula- 
tion and prelaunch accivity. 

6, Schedule end of part task preparation at start of first 
part task which uses a critical resource. 


Series /Parallel Schedule Aluorithm 


1. Schedule orientation activities followed by experiment specific 
training in which total crew participates. 

2. Schedule experimcnt(s) that require classroom training 


3, Schedule classroom and associated part task experiment 
training which do not use a critical resource in parallel with training 
which do use critical resource. 

4, Interweave parallel training part task and classroom not 
exceeding quantity of critical resource. 

5, Schedule debriefing, retraining, integrated mission 
simulation and prelaunch activity. 


6, Schedule end of part task preparation at start of first 
part task training which uses a critical resource. 





exist for reducing these peak values such as personnel overtime, split 
shift or resequencing of training cycles for specific missions. The 
utilization of overtime or shift options was not treated as a resource 
optimization parameter, but was left as a contingency option. Rese- 
quencing of training activity so as to minimize training cycle overlaps 
appears to be a practical approach to reducing resource requirements. 

Figure 8 illustrates the basic resource leveling technique 
used to reduce the peak values of training resources over time. The 
top portion of this figure shows training time for individual launches. 

The cross-hatched bar represents the time a part task area is dedicated 
to a given mission. This dedication period starts at part task facility 
preparation and ends after the integrated mission training activity. The 
line between training and launch is the time allocated to flight crew’s 
prelaunch activity. This prelaunch activity is assumed to be 150 work- 
ing hours or approximately four weeks as discussed in Section 3, 5 of 
this **eport. 

The bottom portion of Figure 8 is a profile of number of part 
task areas occupied versus time. The peaks are removed by making the 
prelawnch activity time a variable and shifting the training start time. 
For this study training start date was varied from start two weeks early 
to a one week delayed start. Rescheduling was accomplished in whole 
day (eight hour) increments. 

Results obtained from applying the technique of shifting train- 
ing cycle start time to level resource requirements is discussed in Sec- 
tion 3, 7. 3 of this report. 

3. 7 TRAINING CASE STUDIES 

Several different training case studies were conducted in an 
effort to determine minimum training resource quantities required for 
the mission dependent training facility and to assess the influence of 
key parameters such as mission complexity, training schedule and ac- 
tivity time requirements. 


Figure 9 summarizes the significant features of the case 
studies. These significant features are further defined along with input 
data assumptions, analy^:is and results in the following six sections. 
These case studies are: 

1) Maximum thru-put cases which assess the maximum 
number of mission crews that can be trained with given, 
fixed resources, for various mis-:ion complexities. 

2 ) Case A which analyzes the resource requirements for the 
Yardley "572" mission model. (Refer to Appendix A. ) 

3) Case A0 which assesses the extent of resource reduction 
thru training sequence and schedule optimization. 

4) Cases B, C and D which analyze resource requirement 
variations with mission complexity. 

5) Case and which assess the effects of training 
efficiency improvements on resource requirements. 

6) Cases A + 10, 25, 40 and 50% which analyze changes in 
resource requirements with variations in training activity 
duration. 

All cases utilized the four basic training missions MIO, Mil, 
M19 and M14 and the resources discussed in Appendix A. The tech- 
niques and approaches discussed in Sections 3.3, 3.4, 3.5 and 3.6 were 
applied to assure a thorough, consistent analysis of the resource re- 
quirements for these various options. 

Except for the maximum thru-put study, all cases were simu- 
lated utilizing the Resource Utilization Program. This program and 
typical output are discussed in Appendix B, For each case simulated 
a complete set of computerized reports was produced to support the 
engineering analysis discussed in the following subsections. 
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3,7,1 Maximum Thru-Put 


3,7. 1 . 1 Definition 

As a first step in establishing a baseline training simulation 
maximum training thru-put under fixed resources and conditions was 
investigated. The maximum thru-put case is based upon maximum 
utilization of the part task area, a critical training resource. Maxi- 
mum training thru-put is a capacity definition case in which the launch 
dates are allowed to vary according to the demands of training. Even 
though in all likelihood training demands will not dictate launch sched- 
ules the maximum thru-put case serves as an ideal condition and forms 
a basis of comparison. 

3. 7. 1. 2 Significant Features 

The following steps and assumptions are made to set up the 
maximum thru-put study. Training functional flows are sequenced using 
scheduling algorithms discussed in Section 3. 6 of this report to minimize 
the time in which the part task area is tied up during a training cycle. 
F.'om these functional flows a multiple-activity chart is constructed 
which graphically displays crewman training activity versus time for the 
four reference missions as in Figure 10. Individual blocks of class- 
room (CR), part task (PT), and part task area with simulation computer 
access (PTC), are shown starting with mission orientation and extending 
through Integrated Mission Simulation (IMS). Facility preparation is 
scheduled to be completed just prior to the first experiment part task 
training in which the simulation computer, PTC, is required. Follow- 
ing completion of the experiment specific training a contingency retrain- 
ing session is assumed. This retraining period is assumed to be ten 
percent of the experiment specific training with a minimum of one day, 
eight hour, period, A constant value of prelaunch activity of 150 hours 
or approximately four weeks is assumed as discussed in Subsection 3.4. 2. 
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Maximum thru-put for an equal mix of mission complexity 
type flights was first analyzed as shown in Figure 10. Mission 1 1 train- 
ing start time is based upon completion of Mission 10 integrated mission 
simulation coincident with the start of Mission 11 part task facility prep- 
aration. In like manner Mission 14 and Mission 19 training starts are 
scheduled. Scheduling training cycles in this manner results in the 
part task area(s) being continuously utilized, and thus defines the maxi- 
mum thru-put capacity. 


3.7. 1.3 Results 

The time in which the part task area is dedicated to a specific 
mission (t is an important parameter which can be used as an index 
of mis siorf complexity. The potential training cycles per year is a di- 
rect function of t^,. That is: 

M = 

*^pt 


where 


M 

t. 


pt 


Potential training cycles per year 
Tim-e base, 2080 hrs/year 

Mean value of time a part task area is dedicated 
to each mission, hrs. 


For example if all missions flown have a mean complexity 
equivalent to Mission 10 where equals 125 hours then the potential 
training thru-put is l6. 64 missions per vear assuming one part task area 
The average part task area dedicated time, for an equal mix of the 

four representative missions is 171 hours resulting in approximately 12 
missions per year as the maximum thru-put per part task area. 

Figure 11 is a typical example of parametric data based upon 
training thru-put and mission complexity. Points at the bottom of the 
curve correspond to all missions of the simple Mission 10 type. Points 
at the top of the curve correspond to all missions during a given period 
being a complex Mission 19 type. The maximum thru-put approach can 
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also be used to conduct rapid parameter sensitivity assessments. Fig- \ 

ure 12 is an example sensitivity cui ve showing training mission thru- | 

put versus time assuming a critical resource is used in the part task | 

preparation task. | 

The point to be made is that training mission thru-put is a j 

good index for comparing various training concepts, mission complexity | 

and constraining resource level. Total training time or time a critical | 

resource is required is a corresponding parameter useful in rating | 

training complexity of a given mission. Maximum thru-put assessment | 

was made in this study to evaluate various sequencing concepts and to 1 

arrive at training sequence optimization procedures . j 


3,7.2 


Yardlev "572" Mission Model, Baseline 


3. 7. 2. 1 Definition 

Case A assesses the training resource requirements for the 
current Space Shuttle mission model, the Yardley "572" Mission Model. 
This can then serve as a baseline against which to compare the require- 
ments established for the parametric cases in the following subsections 
of chis report. 

To perform this simulation the basic missions as defined in 
the maximum thru-put case were utilized. The four missions utilized, 
referred to as MIO, Ml4, M19, and Mil, were defined as discussed in 
Appendix A (see Figures A-1 throv*.?h A-4), through the mapping of basic 
requirements into the functional flow of Figure 3, The optimization 
within each mission of the activities was utilized as illustrated in Fig- 
ure 10, employing the scheduling assumptions defined in Section 3. 6. 2. 5. 

The flight frequency and mission complexity assumed was 
based upon the Yardley "572" Mission Model as discussed in Appendix 
A of this report. Training resources are simulated for the 12-year 
period of 1980 through 1991. Launch rates of from one through twenty- 
two missions per year are involved with various mission complexities. 

As only four representative or reference missions had been thoroughly 
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analyzed for training resource requirements, these were matched with 
missions defined in the Yardley "572" Mission Model. The criteria 
utilized included analogous complexity, payload type, discipline and 
crew involvement. A summary of the resultant model as it was applied 
to the MSFC mission dependent training problem is given in Figure 13. 
Missions judged not applicable to mit.>ion dependent training at MSFC 
are listed so as to show the full mission model relationship. 

Launch dates of missions were based upon equispace launches 
within a given year. Training of the prime crew on a 40 hours per week, 
52 weeks per year basis with alternate or backup crew training on the 
second shift is assumed. The third shift was reserved for equipment 
maintenance, modification and necessary checkout. No optimization 
among missions was employed. Rather, a fixed interval between the 
end of training and the launch date of 150 hours was assumed, 

3, 7. 2, 2 Results 

Resource requirements for twenty-three resource categories 
were determined over the twelve year period covered by the Yardley 
"572" Mission Model. Significant findings from this assessment are 
outlined below. 

Analysis of quantity of resources required versus time indi- 
cates that a number of short duration spike requirements exi^it (see Fig- 
ure 14). An assessment of the magnitude and duration of these spikes 
was made on a year bv year basis. The cumulative duration of these 
resource requirement spikes was found to be 100 hours or less per 2080 
hour year interval, i.e. 5%. Analysis of the cumulative requirements 
indicates that the 95% level was firm and seemed to represent a break 
point. That is, further reduction of a few percentage on the cumulative 
distribution curve had little effect in reducii^ resource requirement 
levels. Figure 15 is a typical graphical comparison of maximum values 
required and 95% level requirements versus time. Figure 16 is a tabu- 
lar listing of typical resource requirements level of maximum values and 
and 95% level requirements for Case A. 
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Ano*;her observation of results of Case A is that training re- 
quirements of the 1983 and 1984 time period are more complex than the 
average missions per year indicates. Many of the resources reach 
their maximum requirement level during this period. 

3.7,3 Training Start Optimization 

Possible reduction of maximum resource requirements by 
optimizing training sequence and schedule was assessed in Case A0, 
through application of the resource leveling optimization concept out- 
lined in Section 3. 6. 3 of this report. 

As stated in the previous section a number of resource re- 
quirement spikes were noted in analyzing Case A data. Many of these 
spikes resulted from short term overlap in a number of training mis- 
sions. Case A reserved a constant 150 hours (approximately four 
weeks) between end of scheduled training and launch. By allowing this 
prelaunch activity time to vary, resource leveling can be accomplished 
by optimizing the training start schedule, without affecting launch dates. 

Case A0 used the same data as Case A including Yardley 
"572" Mission Model, training activity schedule and duration and corres- 
ponding activity resources. The only exception is that the training start 
time is varied by allowing prelaunch time to increase up to two weeks or 
to decrease by up to one week. These variations were introduced in 

order to decrease peak resource requirements. 

The resource most indicative of total resource requirements 
is the part task area. Any time the part task area is in use, the major- 
ity of the training resources for that mission are also required. There- 
fore, part task area is utilized as the optimization parameter. A graphi- 
cal analysis of the part task utilization profile and the training mission 
overlap from the Case A results was performed. Training starts v^ere 
rescheduled in one day increments so as to eliminate t -■'ning cycle over- 
laps or spikes in resource requirements where possible. This resource 


^As the training facility becomes more firmly defined in terms of ma- 
terials, machinery, space and cost, a more extensive procedure for re - 
source budgeting or leveling should be utilized. Candidate optimization 
techniques amenable to rapid computer computation are outlined in 
References 13 and 14. 
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leveling of the part task area utilization required resequencing training 
start time on 58 out of the 174 Spacelab training missions. 

Figure 17 is a plot of Case A0 requirements for part task 
areas, control stations and classrooms. The effectiveness of optimiza- 
tion can be judged from a comparison of Figure 14 and Figure 17. A 
significant reduction in the resource requirement spikes for both the 
part task areas and control stations can be noted. For example, the 
number of times that three part task areas are required is reduced from 
31 for Case A to 4 for Case A0. The number of times that three control 
stations are required is reduced from 12 for Case A to 1 for Case A0. 

Minimization of the number of part task areas and control 
stations is a significant factor in reducing both training facility fixed and 
operational costs, as this is also reflected in reduced requirements for 
most other resources. 

Although minimization of part task areas generally reduces 
the maximum level of resources associated with the part task area, 
this change is not uniform across all resources as is illustrated by Fig- 
ure 19. Non-uniformity results from interactions of training elements 
of the training cycles in progress. A typical comparison on a statistical 
basis is shown by Figure 18, Optimization reduces the variance and re- 
duces the tail-off on the right hand side of the curve. From analysis of 
Case A0 results it can be concluded that optimization of training cycle 
start time can smooth out transient peaks in most resource requirements 
and reduce the maximum quantities of resources required. However, 
a very few resources, such as classroom requirement, are in conflict 
with part task area utilization, as can be seen from Figures 14 and 17. 
Due to the training resource relationship as defined in A} lendix A, this 
is an insignificant increase compared to the reduction in requirements 
for the majority of, and particularly for the most expensive, resources. 
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3. 7. 4 


Mission Model Complexity Analysis 


To assess resource requirement sensitivity to change in mis- 
sion model complexity, three case studies (B, C, and D) were made, 
which bound the problem. These cases correspond to an average, mini- 
mum and maiximum training complexity mission selection respectively. 

Each case used the basic training data of Case A, including 
training time, activity sequence, and resource requirements for the in- 
dividual mission types. Instead of the Yardley "572" Mission Model, 
launch rates of four through thirty-two launches per year with equal in- 
terval launches were assumed, with mission complexity as the variable. 

Case B uses an average Yardley "572" Mission Model com- 
plexity. This average complexity was achieved by using the overall 
ratio of each of the four reference training missions as presented in 
Figure 13. The ratio of launch types used the totals across the 1980 
through 1991 time period. Specific values used were 35/174, 47/174, 

35/ 174, and 57/174 for reference training missions 19» 14, 11 and 10 
respectively. The mission type for launch was selected by the resource 
utilization program based upon these overall laurich ratio values. Launch 
time was based upon equal time between each launch for each of the para- 
metric run years. 

Case C assumed that all of the missions launched within the 
parametric launch rate {4 to 32) were the simple pallet only Mission 10 
type. Case D assumed that all the missions within the study were the 
complex pallet plus laboratory Mission 19 type. 

Figure 20 illustrates typical trends in resource requirements 
for Cases B, C, and D. Requirements for simulation computer access 
and part task area utilization are shown versus launch rate for the three 
different mission complexity cases. Values shown are for the 95% value 
on the cumulative distribution of resource requirements. Some general 
conclusions which can be made fromthe results are as follows. 

Many of the resource types required are different where mis- 
sion complexity differs widely. For example, the pallet only Mission 10 
does not require use of the CDMS console, racks, airlock, viewport, 
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film vault, storage contairier and racks. Thu pallet and laboratory Mis- 
sion 19 type does not utilize the orbiter Payload Specialist Panel. There- 
foTv,, a shift in the average complexity of the mission model could signi- 
ficantly impact the number and type of such resources required. 

For resources common to Cases B, C, and D at low launch 
frequencies (of from one to eight launches per year), the resource level 
appears to be less sensitive to change in mission complexity. For high 
launch frequencies the resource level becomes very sensitive to the mis- 
sion complexity. This relationship results from the fact that at low 
launch rates the "training pipeline" is in the process of being filled up. 
For the less complex mission model. Case C, using all Mission 10 types, 
resource quantity is more prone to rise to a given level and remain con- 
stant longer. 

3.7,5 Efficiency Improvement Analysis 

The various factors that influence training efficiency and train- 
ing cycle time were investigated. The primary factors identified were: 

C rewman Learning. The probability that individual crewmen 
have been previously trained or have flown on a similar mission in- 
creases as the flight frequency increases. Application of the classical 
learning curve may not be applicable even at high launch frequencies be- 
cause of the following factors. 

1) Critical training time tends to be limited by the slowest 
learner of the team. 

2) Flight or mission dependent training by a crewman on a 
different type mission would not change training time 
significantly, 

3) Loss of proficiency by Payload Specialists between mis- 
sions takes place. 

4) From a classical learning curve standpoint, the number 
of flights on which a particular crewman will have flown 
will be small. 
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Instructional Efficieacy and Facility Preparation. Efficiency- 
improvements resulting from ‘“volution in training methods and equip- 
ment plus normal learning of support personnel is logical. However, 
gains in these areas probably will be counterbalanced by increased com- 
plexity of experiment equipment and training requirements. 

Experiment Complexity. Complexity will probably increase 
as the payloads become increasingly more involved as technology evolves 
As in the case of the former Skylab program the tendency will probably 
be to perform an increasing number of experiment operations within a 
given mission. It is felt that the increase in experiment complexity will 
tend to counterbalance improvement in efficiency of facility preparation 
and instructions. 

Three case studies were used to evaluate possible effects of 
reduction of training time due to crewman learning. Case B was the 
same as discussed in the previous section; namely, an average Yardley 
'‘572" Mission Model complexity was assumed with launch dates equally 
spaced during a given year, with no improvement in training efficiency. 

A launch frequency of 32 flights per year was analyzed. 

Case applied a 95% learning curve to each of the trairdng 
functions plus facility preparation time, as defined for Case B. The 
learning curve factor was applied for 32 flights and training times were 
held constant for a 32 flights per year comparison period. Missions 
flown during the comparison year were the same for Cases B^, B, and 

B3- 

Case was based upon 80% of the crewmen with previous 
mission experience or previously trained. Individual times for each 
training task of the four reference missions were evaluated and as- 
sessed. Some tasks were significantly reduced while others were un- 
changed depending upon the skills and knowledge requirements involved. 
The training times for all crewmen previously trained and all crewmen 
untrained are shown on the block diagrams of Figures A-1 through A-4, 
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as defined by Reference 1. To compute an 80% previously trained ac- 
tivity time the following equation was used: 

0.20 (NPT) + 0.8(T) = 

where 

NPT = Time required for an activity if no crewmen are 
previously trained 

T = Time required for an activity if all crewmen are 

previously trained 

T^ = Training activity time if 20% of crewmen are un- 
trained, 80% previously trained. 

In like manner a comparison period of 32 launches per year was used. 

Analysis indicates that the percentage improvement in total 
average training cycle time over Case B is approximately 22,6% and 
20% for Cases and respectively. Comparison of maximum values 
of resource requirements indicates that in both cases maximum values 
of Case B were reduced with learning; however, the amount of decrease 
was not uniform for the various resources. In general, resource quan- 
tities appear to be more sensitive to change in mission complexity or 
launch interval than to such reductions in training time. However, suf- 
ficient data to accurately evaluate efficiency improvement is not availa- 
ble at this time. Rather the general conclusion reached from the efforts 
to assess the effect of crewman learning. Cases B^ and B^, on resource 
requirements is that a more general assessment of the effect of changes 
in training cycle length should be made. By dealing with change in train- 
ing activity time on a percent of baseline basis, the effect of any com- 
bination of factors which influence training system time requirements 
can be evaluated. 

3.7.6 Resource Sensitivity to Training Cycle Length 

An analysis was conducted to assess training resource re- 
quirement sensitivity to variations in training activity duration. 

The training data base used was that defined for Case A, Sub- 
section 3.7,2. The mission model, training sequence, and resource data 
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were the same; only the duration training activity time was varied for 
each run. All training associated activities including facility prepara- 
tion were changed by a fixed ratio. Cases were simulated at increased 
activity training time of +10, +25, +40, and +50 percent of the Case A 
values. Decreased training activity times of -10, -25, -40, and -50 
percent of Case A values were also simulated. 

Figure 21 presents representative resource quantity for each 
year from 1980 through 1991 for the parametric runs Case A, A0, Case 
A + 25% and Case A f 50%. It should be noted that values are 95% cumu- 
lative requirements, not maximum values. Analysis of results indicates 
that some resource types are more sensitive t-> change in training cycle 
length than others. Figures 22 through 24 are representative displays 
of resource quantity versus training time. A large percentage of re- 
sources have a flat segment on the quantity versus training time curve. 
These flat areas indicate relative areas of insensitivity of resource re- 
quirement to changes in training cycle time. 
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COMPARISON OF 95Z TRAINING REQUIREMENTS - PARAMETRIC STUDY 

CASE ft - SIHULATION OF YARDLEY ’572' MISSION MOOEL - MSFC MISSIONS 
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ft* - SAME AS CASE ft WITH TRAINING START TIME OPTIMIZED 
ft-251 - ALL TRAINING ACTIVITIES DECREASED BY 251 FROM CASE A TIME 

ft-501 - ALL TRAINING ACTIVITIES OECREASED BY 501 FROM CASE A TIME 
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MAJOR RESOURCE AREA REQUIREMENT SENSITIVITY TO LENGTH 
OF TRAINING CYCLE - 1984 TYPICAL 
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CONCLUSIONS 
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4. 0 


Both within and among missions, schedule sequence is of key- 
importance. The launch schedule and specific mission type selection 
should : 

Be designed to help in smoothing out the peak re- 
quirements of resource utilization of ground proc- 
essing, flight hardware, training, etc. 

o Intermixing of mission types should be from an 
STS resource viewpoint rather than random or 
controlled by the experimenters. 

Parameters that can have a significant influence upon the 
training thru-put and effectiveness, in addition to actual training time, 
include the part task area preparation, access to simulation host com- 
puter and CDMS computer and the availability of high cost training items 
such as Payload Specialist Station, CDMS consoles and airlock. 

Resource requirement peak values of up to 5% were found to 
be insignificant, as optimization of training start time alone could re- 
move most such spikes. 

Application of anticipated learning efficiency factors to ♦■he 
Payload Specialist training duration has a small impact upon resource 
requirements. 

The 1983 and 1984 early years of the currently used Yardley 
"57Z" Mission Model contain a high percentage of complex mission types; 
therefore, some resource requirements are significantly larger than the 
number of launches per year would indicate. 

The minimum number of key resources required to support 
mission dependent Payload Specialist training is shown in Figure 25. 
These values are derived from the optimized case, Case A0, where the 
Yardley "572" Mission Model breakout of Figure 13 is assumed. 

Further studies dealing with specific rather than typical mis- 
sions and with more detailed resource definitions will be required to fur- 
ther refine these training resource requirements. 
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FLIGHT FREQUENCY AND MISSION COMPLEXITY IS BASED UPON THE YARDLEY "572" MISSION MODEL. 


FIGURE 25. SIMULATED RESOURCE REQUIREMENT TO SUPPORT MISSION 
DEPENDENT PAYLOAD SPECIALIST TRAINING 
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APPENDIX A - BACKGROUND DATA 




This appendix contains basic groundrules and assumptions^ data 
for the Spacelab mission types simulated, mission model definition, 
and training resource descriptions. 

In developing the methodology and data with which to analyze the 
requirements for Payload Specialist training, an in-depth analysis of ex- 
isting data an'l supportive documentation was made, from which ground- 
rules and assumptions were formulated and specific data elements 'J 
fined, as discussed below. 


1. 0 


Groundrules and Assumptions 


The basic assumptions utilized in this study are: 


1) JSC will perform all mission independent training. This 
training will include general orbiter and Spacelab system 
familiarization, housekeeping, habitability, waste manage- 
ment, food management and safety and emergency proce- 
dures. 


2) Qualification of a Payload Specialist's science expertise and 
protocol are a user responsibility. 


3) Prime and backup crews will be trained in a concentrated 

block occurring approximately two to three and a half months 
prior to their scheduled flight date for scheduling consistency. 


4) Because of budgetary, spatial and temporal constraints a 
high fidelity, full-complement trainer for each flight is not 
feasible. Instead, a part task training concept will be used, 
as described in Reference 1. This concept uses mobile rack 
sets and Spacelab trainer segments so that individual and 
simultaneous training activity can take place. The rack sets 
and trainer segments may be moved together for use in con- 
ducting integrated mission training. 
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5) Mission dependent training will include: 

o Mission familiarization 

o Experiment systems familiarization and operation 

o CPSE familiarization and operation 

o CDMS experiment computer operation through CDMS 
console or Payload Specialist Station 

o Participation in integrated payload operations. 

2. 0 Space lab Mission Types Simulated 

A major factor in data compilation vvas the choice of repre- 
sentative Spacelab missions for which sufficient data could be obtained 
for modeling Payload Specialist training requirements. The mission 
selection is baaed upon obtaining missions that have a worst case range 
of training requirements. Mission complexity variation from simple to 
very complex is desired to obtain a set of data that would bound the 
Spacelab training problem. 

As a result of analysis of available documentation the missions 
selected for simulation were: 


Mission 10 
Mis sion 1 1 
Mission 14 
Mission 19 


Multidiscipline - Pallet Only 
Multidiscipline - Lab and Pallet 
Dedicated - Lab Only 
Dedicated - Lab and Pallet 


These missions had been previously defined as discussed in Reference 1, 
and as given on the Training Requirements Data Sheets, Reference 11. 

In addition the IMAP documents. References 3 through 8, were used to 
obtain a thorough understanding of these typical missions. 





Figures A-l through A-4 are flow diagrams of basic training re- 
quirements and scheduling constraints for the representative missions. 
Sequence of training activity was developed using scheduling algorithms 
discussed in Section 3.6. of this report. These representative mis- 
sions are summarized in the following paragraphs and described in depth 
in the applicable reference, listed in Section 6. 0 of this report. 

Mission 10 is a seven-day Space Shuttle flight that has four major 
Spacelab pallet mounted payloads. The High Energy Astrophysics {HE- 
ll-S) will perform two experiments simultaneously to obtain data on x- 
ray angular structure and source location. The second payload is the 
automated Gravity and Relativity Satellite (AP-04-A), which will be de- 
ployed on-orbit early in the mission. It will be retrieved on a subse- 
quent flight. The third payload is the High Speed Interferometer (EO-19 
S) which will be used to detect and measure atmospheric trace constitu- 
ents-. The fourth payload is the Solar Activity Trowth Process (SO-17-S) 
which will measure phenomena in solar active regions leading to solar 
flares. Four Payload Specialists are assumed for accomplishing Mis- 
sion 10. Reference 3 was used as the source of mission definition data. 
As a pallet-only mission. Mission 10 was selected to provide a repre- 
sentative of a minimum training requirements mission. 

Mission I I is a seven-day Advanced Space Technology mission 
utilizing the Spacelab laboratory and pallets. This payload will contain 
unique experiments in the following six disciplines: communication/navi- 
gation, earth observations, physics and chemistry, microbiology, com- 
ponents and system testing, and environmental effects. About one-half 
of the instruments are located in the Spacelab and the rest are located 
on the pallets. Reference 4, Mission 1 1 Sortie Mission - Space Tech- 
nology Laboratory Section, was used for the source of mission definition. 
Three Payload Specialists were assumed necessary to perform the in- 
orbit experiments. This mission was chosen for the varieLy of training 
requirements encompassed. 

Mission 14 used in this study is a Life Sciences mission using 
Spacelab to conduct a wide range of biomedical research activities. This 
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MISSION 10 TRAINING BLOCK DIAGRAM 













FIGURE A-2. MISSION 11 TRAINING BLOCK DIAGRAM 















MISSION 14 TRAINING BLOCK DIAGRAM 
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FIGURE A-3. MISSION 14 TRAINING BLOCK DIAGRAM 

















HtSSION 19 TRAINlllG BLOCK DIAGRAM 
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mission will use live specimens, specifically monkeys, rats, cells and 
tissue for studying biological response to space flight. Special empha- 
sis will be placed on organic systems previously found to be influenced 
by gravity. Experiments include the LS-09-S medical emphasis mission, 
deployable SEXSAT satellite, the free-flying teleoperator to provide re- 
pair, refurbishment, checkout, retrieval, etc. Three Payload Special- 
ists are required during this seven-day Shuttle payload mission. The 
mission defined in References 5 and 6 is designated training mission 14 
and used in this study. This mission was chosen due to the unique re- 
quirements represented by this Life Sciences mission. 

Mission 19 was selected to represent a mission of high complexity 
from a crew training viewpoint (References 7 and 8). This mission, 

IMAP Mission 19, is an Atmospheric Magneto spheric and Plasmas in 
Space (AMPS) type. Investigation will be performed to better understand 
mechanisms which control the near space environment of earth and the 
planetary and cometary phenomena. Five primary experiments which re- 
quire intensive Payload Specialist training are: subsatellite maneuvering, 
wave characteristics - XAP 410, Wave/Particle Interactions - XAP 420, 
Wake and Sheath Experiments - XAP 430, Global Emission Survey - 
XAP 450, and the Magnetospheric Topology Experiment - XAP 470. Four 
Payload Specialists were assumed for this mission. 

3 . 0 Yardley "572" Mission Model 

The Yardley "572" Mission Model, Reference 9 and the Space 
Shuttle Paiyload Description iSSPD) Data Sheets, Reference 10, were 
used as a basis for the description of a typical mix of missions and to 
support data validation. The Yardley "572" Mission Model was also uti- 
lized to define the bas^'line simulation against which most cases were 
simulated. 

The Yardley "572" Mission Model was designated by John Yardley 
on 20 September 1974 as the flight model for use in Shuttle and Spacelab 
program analysis. This designation is in terms of a flight frequency 
per year for specified payload designation and configuration. From this 
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basis various agencies have interpreted this data to the individual flight 
requirements definition as presented in Figure A-5. The data as shown 
in Figure A-5 was used in developing the training interpretation of Fig- 
ure 13, This data is used by both the MSFC Program Development 
Office and the MSFC Systems Analysis and Integration Laboratory, 
Ground Operations Branch. 

4. 0 Training Resource Description 

Major facility/ resource areas are classroom, part task area, 
soft mockup, control room and maintenance and storage area. These 
resource areas are discussed in Section 3. 5. 1 of this report. 

The following is a brief description with identification numbers, 
as used in the Resource Utilization Program, of the resources tracked 
during this study, 

06 Payload Specialist Station 

The Payload Specialist Station is equivalent to the Payload 
Specialist work area within the orbiter cabin, CRT and keyboard opera- 
tions are equivalent to the flight configuration. This station in ludes 
C&D functions and accommodations for experiment peculiar hardware. 
One type E C&D panel which interacts with experiments through the 
CDMS or experiment simulator is included in the PSS. 

07 CDMS Console 

Command Data Management System (CDMS) Console is made 
up of a Spacelab rack and two type E C&D panels. The console interacts 
with the experiments through the CDMS. 

08 - 12 CStD Panels 

The control and display (C&D) panels were categorized into 
five types depending upon their design and functional complexity. These 
C&D panel categories and associated complexity are as follows: 
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YARDLEY "572” MISSION MODE L INTERPRETA TION 
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Tyj/« A 
Type i*t 
'I’ypft C 
Typ/! 
'I'ypc F/ 


one to ten channels 
Discrete ten or more channels 
Variable meters, gauges, etc. 

res computer simulation for feedback 
Ferjuircs CDMS: has one keyboard and one CRT. 


J ') Work Jienr.h 

The work bench is intended for use in the core segment, a 
Inb, and is slandardi/cd in size in order to support a wide range of ex- 
porliTient work. I’he work bench has associated drawers and file cabi- 
notfl. liighring provisions arc provided in a recessed area above the 
primary working surface. 


?A) Viewport 

'I'lie training viewports consist of two panes of 30 cm dia 
tor safoty glass with associated mounting structure. The viewports are 
lntorchangoal)lo liotwcon the top of the module location and the aft end 
cntio loealltm. In some cases viewport holding fixtures will be used in 
viNunl simulations <»f pallet experiment operations. 


l\ Filn\ Vault 

The film vaults arc <“ontainers that fit in standard Spacelab 
racks. Tlio Hlni vaults arc modular in design to accommodate different 
storage requirements for various missions. Each vault has drawers for 
flln^ c.assottc location with straight or hinged pullout capability, depend- 
ing on the vortic.al U^cation of containers in the Spacelab. 


Storage Ct)ntainer 

The storage containers provide storage space for experiment 
hardware, sp.arc parts, consumables and other loose equipment. The 
svlbc^'n^pa^tn^ent; ,\r rangen^ent of these containers will depend upon the 
specific mission, expopimont and stowage plan. 
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Simulation Computer Access 


The simulation computer, a Univac 1108 or equivalent, 
drives the simulation by providing a dota stream generated from experi- 
ment models or providing the stimulus input to experiment hardware. 

27 Simulation Computer Software 

Simulation computer software consists of real time stimulus 
simulation routine, data processing programs and interacli.ve response 
from trainer consoles. For training resource analysis a requirement 
for simulation computer software was assumed when the simulation 
computer was accessed. 

28 CDMS Computer Access 

The CDMS computer access will be -equired to process data 
from experiments and provide information to the Payload Specialist, in- 
structors and control room personnel. The CDMS computer is accessed 
by the CDMS console. Payload Specialist Station, experiments and train- 
ing control room. 

30 Peripheral Simulation Equipment 

Peripheral simulation includes simulation of views out of 
viewports, pallet operations and orbital operations outside of the orbiter 
bay. 

3 1 Racks 

Racks used for Payload Specialist training will be equivalent 
in fit, form and function to the flight Spacelab racks. These racks and 
rack sets are designed fo-; maximum flexibil’ty for accommodating vari- 
ous experiments, support equipment and C&D panels. 

32 CCTV 

Closed circuit TV capability is desired in experiment train- 
ing which requires close observation of operations within a confined area. 

In addition to these resources the total number of crewmen within 
the training network was determined and tracked. 
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APPENDIX B - COMPUTER PROGRAM APPLICATION 

To perform th*: detailed and extensive calculations required to 
define resource requirements against the various mission mixes, flight 
frequencies, etc., modeled in this study, a computer simulation was es- 
sential. The computer program applied was the Resource Utilization 
Program developed in support of the Operations Development Division 
of the Systems Analysis and Integration Laboratory, MSFC. 

This program was designed to model the type of resource re- 
quirements problems associated with a long-range project using numer- 
ous resources. It was still in development when this study was initiated, 
and thus was adapted as needed to provide the capability required in this 
study. In addition the Resource Utilization Program has been applied 
extensively to ground operations requirements studies. Documentation 
of the model itself is not available, but will be forthcoming. 

The Resource Utilization Program is a scheduling and resource 
analysis program which can process a set of user defined activities or 
missions as a function of time, as illustrated by Figure B-l. For each 
mission type, a set of resource requirem mts must be provided. In ad- 
dition a mission model scheduling routine or a set of specific launch 
dates must be supplied to the program. From this set of data, the pro- 
gram calculates, summarizes, and plots the detailed requirement, to 
the hour, of each resource over the specified time period or mission 
model. The program has additional options to allow processing of learn- 
ing curves as defined by the user, to vary calculation time bases, to ad- | 

just total time estimates up or down, and to produce reports to the level 
of detail required by the user. 

Figures B-2 through B-5 illustrate some of the types of output 
produced by the model for each different case processed. The report 
illustrated by Figure B-2 gives a detailed schedule of start and finish 
times for each activity in every mission simulated. The report in Fig- 
ure B-i contains an hour by hour profile of the level of requirement for 
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FIGURE B-l. COMPUTERIZED ANALYSIS APPROACH 
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FIGURE B-4. SAMPLE OUTPUT REPORT - SUMMARY REPORT 







each resource, resulting from the composite of all missions occurring 
in the time spen simulated. These profiles are used as the base for the 
remaining reports and for the plot profiles produced such as Figure 14. 

The most utilized report for analysis and comparison of require- 
ments among cases is the summary report illustrated in Figures B-4 
and B-5. This summarization report compiles on a year by year basis 
statistical data on each level of resource requirement. This includes 
total hours each quantity was required, per cent of total time, cumula- 
tive per cent, the single longest time the quantity is required, and the 
number of seize/ release points for the quantity. In addition, program 
reporting options allow the user to extract key information by a user 
specified algorithm for further analysis. Figure B-5 illustrates this, 
where the user requested a report of the level of resources required to 
satisfy all requirements 90% and 95% of the total time in the year. 

The volume of computerized output produced in conducting this 
analysis was far too extensive for inclusion of all results and supportive 
output in this report. However, detailed computer output documenting 
the results citod in this document is available. 
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